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Su l fu r  ox ida t ion  i n  s o i l s  is c h i e f l y  due t o  spec i f  ic  oxida t ive  
a c t i v i t i e s  of a f e w  species of the  b a c t e r i a l  genus Thiobaci l lus .  
favorable  condi t ions  these chemoautotrophic b a c t e r i a  a t t a c k  s u l f i d e s  
Under 
and s u l f u r ,  oxidizing them t o  s u l f a t e  a s  a source of energy. Because 
s u l f a t e  is an  e s s e n t i a l  p l a n t  n u t r i e n t ,  these b a c t e r i a  a r e  important t o  
s o i l  f e r t i l i t y .  They a r e  present  i n  a l l  a r ab le  s o i l s  and a r e  gene ra l ly  
w i d e l y  d i s t r i b u t e d  wherever s u l f i d e s  or  s u l f u r  is present .  I t  is  of 
i n t e r e s t  t o  know whether o r  not s u l f u r  bac te r i a  a r e  present  i n  desert 
s o i l s  under severe  environmental condi t ions.  Rather than at tempt  t h e i r  
i s o l a t i o n  and i d e n t i f i c a t i o n ,  which is d i f f i c u l t  and time-consuming, 
their  presence and a c t i v i t y  can be determined by incubat ing a so i l  w i t h  
added s u l f u r  and subsequently determining the increase  i n  s u l f a t e .  With 
t h i s  i n  mind, the  following 'experiment was made w i t h  samples of six azonal 
Ca l i fo rn ia  d e s e r t  soils co l lec ted  by D r .  Roy E. Cameron and submitted 
May 25, 1965 for  s u l f u r  oxidationpstudies.  
A genera l  d e s c r i p t i o n  of t he  sites and s o i l s  has been given by 
Cameron (2).  Addit ional  c h a r a c t e r i s t i c s ,  determined i n  the labora tory ,  /' 
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a r e  shown i n  Table 1. One of the s o i l s  is s l i g h t l y  a c i d ,  one is n e u t r a l ,  
and f o u r  a r e  a lka l ine .  The s u l f u r  a s  s u l f a t e  is almost n e g l i g i b l e ,  1 t o  
3 ppm, i n  a l l  t he  Soils except 68-3, which showed 4440 ppm i n  the  o r i g i n a l  
sample. I n  genera l ,  humid soi ls  a r e  very low i n  s u l f a t e  whi le  a r i d  s o i l 8  
a r e  o f t e n  high. 
Methods 
A f t e r  s i ev ing  through a 10-mesh screen  and d iscard ing  the d e t r i t u s ,  
each so i l  was t r e a t e d  i n  t h e  following manner. Four 50-gram port ions, '  
oven-dry bas i s ,  were spread onto  paper squares.  For con t ro l s  two of these 
por t ions  w e r e  t r ans fe r r ed  t o  p i n t  m i l k  b o t t l e s ,  1 0  t o  15 grams a t  a t i m e  
w i t h  s u f f i c i e n t  d i s t i l l e d  water  w i t h  each add i t ion  t o  s a t i s f y  50 percent 
of the t o t a l  water-holding capacity.  Other than the incremental add i t ion  
of the water ,  d i s t r i b u t e d  a s  uniformly a s  poss ib le  from a p i p e t ,  the soi l  
was not d i s t rubed;  shaking or mixing was avoided because it would cause 
compaction or  puddling and i n t e r f e r e  w i t h  norm1 aera t ion .  The b o t t l e s  
w e r e  capped w i t h  DuPont polyethylene f i l m ,  which is e s s e n t i a l l y  impermeable 
t o  water vapor bu t  allows adequate exchange of atmospheric gases.  To 
each  of the o t h e r  two por t ions  of s o i l ,  spread on the paper, was added 
50 mg of f l o u r  s u l f u r .  The s u l f u r  was w e l l  mixed wi th  the so i l  by use 
of a spa tu l a  and by r o l l i n g  t h e  mixture back and f o r t h  on the paper. The 
treated s o i l  was then  t r a n s f e r r e d  t o  p i n t  m i l k  b o t t l e s ,  d i s t i l l e d  water 
be ing  added a s  descr ibed f o r  the controls .  A l l  b o t t l e s  were then placed 
i n  the incubator  a t  28OC. 
A f t e r  30 days incubat ion a l l  con t ro l s  and s u l f u r  t r e a t e d  s o i l s  were 
analyzed for  pH and s u l f a t e  by the  fol lowing procedure: 
S u f f i c i e n t  d i s t i l l e d  water  was added t o  each bo t t l e  to  make a 1:s 
I .  
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d i lu t ion .  The b o t t l e s  were then stoppered and mechanically shaken f o r  
1 0  minutes.  
beaker f o r  determinat ion of pH, using a g l a s s  e l ec t rode  apparatus  equipped 
wi th  a stirrer. 
s t i r r e d .  
w a s  t r ans fe r r ed  t o  an Erlenmeyer f l a s k  and t r e a t e d  f o r  c l a r i f i c a t i o n  and 
determinat ion of s u l f a t e  by the  turb id imet r ic  method (4). 
I 
Approximately 5 0  m l  of t h e  suspension was t r a n s f e r r e d  to  a 
. Readings were made while  the  suspension was being 
Af te r  t h i s ,  the  supernatent  from the  beaker and the  b o t t l e  
I 
Effec t ive  c l a r i f i c a t i o n  was obtained with copper hydroxide. A f t e r  
a d d i t i o n  of approximately 0.5 g cupric  a c e t a t e  and 0.3 g calcium hydruxide, 
t he  f l o c  was allowed t o  sett le and the  solut ion was f i l t e r e d  through a 
Whatman No. 1 paper. Excess calcium was then removed by a d d i t i o n  of 
ammonium carbonate.  
and discarded,  and the  c l e a r  f i l t r a t e  was used f o r  s u l f a t e  determination. 
The calcium carbonate p r e c i p i t a t e  was f i l t e r e d  off  
To a por t ion  of t h e  cold f i l t r a t e  a c i d i f i e d  t o  l i tmus  paper wi th  
HC1 was added an excess of powdered c r y s t a l l i n e  BaC12. 
p r e c i p i t a t e d  as c o l l o i d a l  BaS04. 
by use of a K l e t t  photometer and evaluated i n  ppm S a s  SO: by comparing 
S u l f a t e  was thus  
The r e s u l t i n g  t u r b i d i t y  was determined 
readings wi th  a s tandard curve. I f  t he  t u r b i d i t y  was t o o  g r e a t  f o r  a 
reading a po r t ion  of t he  f i l t r a t e  was f i r s t  q u a n t i t a t i v e l y  d i l u t e d  a s  
required f o r  an appropr ia te  reading. 
The re su l t s  are presented in  Table 2. 
Discuss ion  
Two of the  soi ls ,  76-2 and 196, oxidized none of t h e  added s u l f u r  
dur ing  incubat ion and t h e  pH changed l i t t l e .  A l l  t he  s u l f u r  was changed 
t o  s u l f a t e  i n  soi l  68-3, but  t h e  pH dropped only 0.3, i nd ica t ing  a good 
b u f f e r  capaci ty .  The 100 percent su l fu r  oxid iz ing  capac i ty  is unusual 
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but  is occas iona l ly  found in  a rab le  s o i l s  (Table 3). The value of 116 
percent (Table 6 )  may be a t t r i b u t a b l e  t o  e r r o r s  inherent  i n  the  high 
d i l u t i o n s  required f o r  s u i t a b l e  turb id imet r ic  readings.  However, t h e  
ex tens ive  and rap id  oxida t ion  of the 1000 ppm added s u l f u r  i nd ica t e s  an 
a c t i v e  and e f f i c i e n t  s u l f u r  oxidizing microf lora  t h a t ,  by a t t a c k i n g  na t ive  
oxid izable  s u l f u r  or s u l f u r  compounds, could w e l l  account for  t h e  add i t iona l  
s u l f a t e .  The -0.3 percent  shown f o r  so i l  76-2 is, on the  o t h e r  hand, due 
t o  unavoidable e r r o r  i n  reading very l o w  t u r b i d i t y ,  The o the r  t h r e e  soils 
showed very low s u l f u r  ox id iz ing  power, lower than usua l ly  found i n  
c u l t i v a t e d  soils (Table 3) .  
From these  r e s u l t s  it may be concluded tha t  s o i l s  76-2 and 196 conta in  
no s u l f u r  ox id iz ing  bac te r i a .  Although present  i n  the  o the r  s o i l s ,  t h e  
s u l f u r  bac te r i a  i n  68-3 were most ac t ive .  Whether or not t h i s  was due t o  
a more e f f i c i e n t  s t r a i n  of Thiobaci l lus  i n  t h i s  s o i l ,  o r  due t o  more 
favorable  s o i l  p r o p e r t i e s  is conjec tura l ;  t h e  former seems more l i k e l y .  
That t he  incubated con t ro l s  f o r  a l l  except  68-3 showed l i t t l e  increase  1 
over t h e  o r i g i n a l  samples a s  received ind ica t e s  a dear th  of organic  matter 
and/or s u l f i d e s  i n  f i v e  of t he  s o i l s .  
Thiobac i l lus  thiooxidans is probably the  respons ib le  organism i n  9-2; 
t h i s  species, optimum pH 3, range 0.5-6.0, is  a c t i v e  i n  ac id  s o i l s  only. 
I n  the other s o i l s  showing oxidat ion of s u l f u r  t h e  a c t i v i t y  can be 
a t t r i b u t e d  mainly, if not e n t i r e l y ,  t o  T. thirparus, which has  an optimum 
pH of less than  7 and a range of 5.2-8.8. 
determined wi th  s y n t h e t i c  media; it is probable t h a t  t h e  values  would vary 
f o r  d i f f e r e n t  s o i l s .  
- 
These optima and ranges have been 
Data i n  Table 7 a r e  representa t ive  of r e s u l t s  obtained wi th  a l a r g e  
number of soils by Bollen; many have been reported i n  severa l  publ ica t ions  
(1,3,4). 
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Table 3 
Sul fu r  Oxidizing Capacity of Some Selec ted  Arable So i l s*  
1. 
O r  ig i na l  Su l fu r  
So i l  Location and Cover PH Oxidation 
Altamont f i n e  sandy loam 
Antelope c l ay  adobe 
Case f i n e  sandy loam 
Delhi  sandy loam 
Ephrata loamy f i n e  sand 
Hood River s i l t  loam 
Mazama pumice** 
Newberry pumice** 
Palouse s il t loam 
Rat t lesnake c l ay  loam 
Touchet c lay  loam 
' l ba i r a j  s i l t  loam 
Umatil la medium sand 
Vale c lay  loam 
Vale c lay  loam 
Walla Walla c l ay  loam 
Woodburn s i l t  loam 
Yo10 c l a y  loam 
Oregon 
Oregon 
Oregon 
Cal i forn ia  
Oregon 
Oregon 
Oregon 
Oregon 
Oregon 
Montana 
Washing ton  
I r a q  
Oregon 
Oregon 
Oregon 
Oregon 
Oregon 
Cal i forn ia  
a l f a l f a  
a l f a l f a  
a l f a l f a  
fa l low 
nursery 
orchard 
bar ren  
bar ren  
v i r g i n  
pas ture  
s a l  ine 
s tubb le  
a l f a l f a  
a l k a l i  
a l f a l f a  
v i r g  i n  
rye g r a s s  
a l f a l f a  
6.2 
6.7 
6.4 
6.8 
7.8 
6.8 
7.7 
7.5 
6.8 
6.5 
7.3 
7.7 
7.2 
9.8 
8.8 
6.9 
5.6 
7.2 
11 
2 
9 
11 
56 
40 
2 
0 
85 
50 
1 6  
35 
2e 
1 g&** 
1 oo*** 
39 
66 
23 
* Incubated 30 days with 1000 ppm f l o u r  s u l f u r  a t  28% 
** Non-arable 
' *** Incubated 115 days 
